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Table 1
Risk for incident ROA in regard to presence of medial and lateral menisca! damage at P-1
Medial Meniscal Damage Lateral Meniscal Damage
Risk factor presence N (%) In controls us, n (%)
In incident knees
Odds Ratio (95% conﬁdence
Intervals) p-value
N(%) In controls vs. n (%)
In incident knees
Odds Ratio (95% conﬁdence
Intervals) p-value
Anterior horn
0 57 (96.6) vs. 59 (100,0) Reference 46 (77.9) vs. 59 (100.0) Reference
Any (1-8) 2 (3.4) vs. 0 (0.0) n/a 13 (22.0) vs. 0 (0.0) n/a
Body
0 35 (59.3) vs. 51 (86.4) Reference 52 (88.1) vs. 56 (94.9) Reference
Any (1-8) 24 (40.7) vs. 8 (13.6) 9.00 (2.09. 36.79)* 7(11.9) vs. 3(5.1) 2.33 (0.60, 9.02)
Posterior horn
0 12 (20.3) vs. 10 (30.5) Reference 49 (83.1) vs. 57 (96.6) Reference
Any(1-8) 47 (79.7) vs. 41 (69.5) 1.63 (0.67, 3.92) 10 (17.0) vs. 2 (3.4) 5.00 (1.10,22.82)*
Maximum grade in any of 3 locations
0 11 (18.6) vs 18 (30.5) Reference 38 (64.4) vs. 55 (93.2) Reference
1 (signal) 22 (37.3) vs. 34 (57.6) 0.95 (0.33.2.73) 13 (22.0) vs, 2 (3.4) 12.0 (1.56, 92.29)*
2-B (tears and maceration) 26 (44.1) vs. 7(11.9) 19.37 (2.32. 162.1)* 8 (13.6) vs. 2 (3.4) 4.00 (0.85, 18.84)
Extrusion
0 48 (81.4) vs. 26 (44.1) Reference 58 (98.3) vs. 57 (96.6) Reference
Any (1-3) 11 (18.6) vs. 33 (55.9) 6.50 (2.27.18.62)* (1.69) vs, 2 (3.39) 2.00 (0.18,22.06)
*Statisﬁcally signiﬁcant at p<0.05.
Abstracts / Osteoarthritis and Cartilage 21 (2013) S63–S312S176incident ROA is increased for knees with pathology of the lateral
posterior horn, and also when a maximum grade of any type of tear or
maceration is present in any of the analyzed medial meniscal locations.338
INCREASING KNEE PAIN IS ASSOCIATED WITH DECREASING
PROPORTION OF QUADRICEPS WITHIN THE THIGH IN WOMEN IN
THE OAI
K.A. Beattie, C. Druchok, J.D. Adachi, M.R. Maly. McMaster Univ.,
Hamilton, ON, Canada
Purpose: The quadriceps muscle (QM) likely plays an important role in
both incident and progressive knee OA. Reduced strength and mass are
observed in women with knee OA compared to those without. Quad-
riceps dominant muscle atrophy occurs in women with incident knee
OA, and there appears to be altered patterns of activation of quadriceps
and hamstrings muscles (HM) during gait inwomenwith knee OA. Also,
quadriceps muscles are smaller and weaker in knees with frequent pain
compared to those of the same radiographic disease severity but
without pain. Thus, the purpose of this study was to investigate the
association between changes in body mass, knee pain and physical
activity with the change in the proportion of quadriceps volume in the
thigh over 2 years in women enrolled in the Osteoarthritis Initiative.
Methods: The online OAI database was queried for women 50 years
old in the incident and progression cohorts with available baseline and
two-year axial T1-weighted mid-thigh MRI scans (15 contiguous slices,
5mm slice thickness). Participants were excluded if there was a)
inconsistent spatial resolution between baseline and follow-up scans, b)
compressed or ﬂattened thighs on either one of the two scans , c) <12
matched slices between time points or d) baseline K-L grade unavail-
able. Baseline and follow-up scans meeting these criteria (N¼156) were
registered using Analyze 8.1 (AnalyzeDirect Inc., KS, USA) and the 12
most proximal matching slices were segmented, in pairs, using Sli-
ceOmatic 4.3 (Tomovision, QC, Canada) to quantify QM volume and the
volume of all other muscles within the thigh. Only the right thighs were
analyzed and the segmenter was blinded to image time point. The
proportion of each variable was calculated by dividing the QM volume
by the volume of the remaining muscles in the thigh. Change in the
proportion of quadriceps within the thigh was determined by sub-
tracting the baseline proportion from the proportion at follow-up.
Independent variables included change in body mass, pain and physical
activity. To calculate these, baseline and 2-year follow-up data for body
mass, WOMAC pain sub-score and Physical Activity Scale for the Elderly
(PASE) were downloaded from the OAI database. Age and K-L grade at
baseline were covariates, also downloaded from the OAI Database. A
linear regression analysis was conducted to determine if 2-year changes
in body mass, physical activity and pain were associated with the
change in the proportion of QM in the thigh over 2-years, after
accounting for baseline age and K-L grade.Results: Included in the analyses were 156 women (mean (SD) age ¼
62.9 (7.2) years, BMI ¼ 28.4 (5.2) kg/m2). The distribution of K-L grades
was: K-L 0¼40, K-L 1¼20, K-L 2¼59, K-L 3¼32, and K-L 4¼5. At baseline,
the mean (SD) proportion of QM volume to other muscles and tissues in
the thigh was 1.08 (0.15), the mean (SD) WOMAC pain score was 2.4
(2.9) and the mean (SD) PASE score was 150.6 (75.3). The linear
regression analysis showed that change in body mass (b¼0.261,
p¼0.001) and change in WOMAC pain score (b¼-0.218, p¼0.006) were
signiﬁcantly associated with the change in the proportion of QM in the
thigh over 2 years with no other variables in the model being signiﬁcant
(p>0.05).
Conclusions: Over 2 years, a gain in body mass and decrease in knee
pain were associated with an increase in the proportion of QM volume
to the volume of all other muscles and tissues in the thigh, in women
with risk factors for and with progressive knee OA. This is not surprising
given that heavier individuals tend to have larger muscle volume and
that those with pain may be less physically active and, thus, may lose
quadriceps muscle volume at a faster rate than hamstrings muscle
volume. However, change in physical activity over 2-years was not
associated with the change in the ratio of QM volume to HM volume.
One limitation is that the analysis included very few women with
severe knee OA.
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LONGITUDINAL BIOCHEMICAL EVALUATION OF THE
FEMOROPATELLAR JOINT DURING THE TRANSEUROPEAN FOOT
RACE BY USING ZONAL T2STAR MAPPING
M. Brix y, S. Göd y, U. Schütz z, C. Billich z, K. Friedrich y, A. Messner y, S.
Domayer y, R. Windhager y, S. Trattnig y. yMed. Univ. of Vienna, Vienna,
Austria; zUniv. Hosp. Ulm, Ulm, Germany
Purpose: The Transeurope-Footrace (TEFR) is a multistage ultra-
marathon, ﬁrst accomplished in 2003. In 2009, the TEFR started in Bari,
Italy and ended in North Cape, Norway. In 64 consecutive days, the
competitors had to conquer 4485 kilometers (2787miles), an average of
70,1 km (43,5 mi) per day. From 68 starters 45 participants were able to
manage the whole distance. Running approximately two marathons
a day for more than 9 weeks is an immense load for the joints of limbs
and feet. A mobile 1.5 Tesla MRI, which was transported on a Truck-
Trailer, accompanied the run. MRI has a high potential for the non
invasive assessment of articular cartilage. T2* relaxation is a potential
parameter for the biochemical assessment of the articular cartilage and
is related to the collagen network and water content. The purpose of
this study was to evaluate morphological and biochemical changes
within the patellar and trochlear cartilage during this physically and
mentally extreme burden.
Methods: Twenty-two ultra-marathon runners (20 men) consented to
the study. Both knees of the participants were measured on a mobile 1.5
Teslawhole bodyMRI using a dedicated 8-channel knee coil: a baseline-
MRI examination before the race started and several examinations
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The protocol comprised a Proton Density weighted Turbo Spin Echo
fatsat (TE/TR 31/ 4400) and a T2* multiecho Gradient Echo sequence (TE
4.18, TR 889/1120, ST 3). Regions-of-interest (ROIs) of the patellar and
the trochlear cartilage were selected manually within two adjacent
slices on T2* images. On each slice a medial, central and a lateral ROI
was segmented in both, the superﬁcial and the deep layer (Fig.1). The
statistical evaluation was performed using SPSS.
Results: Nineteen athletes could be considered for the ﬁnal analysis. In
comparison to the baselinemeasurements, a signiﬁcant change inmean
T2* values was found at the ﬁrst measurement during the ultra-
marathon in the patellar cartilage (26.4ms  7.4ms vs. 27.0ms  6.9ms;
p¼ 0.036) with a mean of 23.37.7 days between baseline and ﬁrst MR
examination, but neither signiﬁcant differences between baseline
values and the last measurement (26.8ms  7.1ms) during the run (p ¼
0.227) nor between the ﬁrst and the last measurement during the run
(p ¼ 0.468). Regarding trochlear cartilage we didn't ﬁnd a signiﬁcant
change in T2* values over time. In the morphological analysis noĂ
Ăpatellar and trochlear cartilage defect was found in 5 runners. Nine
athletes showed patellar defects, two runners trochlear defects and
three had patellar and trochlear pathologies. Four out of the 31 defects
showed progression over time and two new defects evolved during the
run.
Conclusions: Mamisch et al. depicted a difference of T2* values in
healthy cartilage compared to repair tissue after microfracturing in the
femorotibial joint. Compared to this, our study demonstrates that there
is almost no change in T2* values of the femoropatellar joint during an
immense stress in this unique study population. It seems that the
articular cartilage of these ultra athletes has been trained over time in
a way, that the articular cartilage is no limiting factor even for that long
distance run. In conclusion, in a well-trained athlete almost no differ-
ence in T2* values of the femoropatellar joint during extreme load can
be detected.
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THE RESPONSIVENESS OF 3D BONE SHAPE COMPARED WITH
RADIOGRAPHIC JOINT SPACE WIDTH AND MR CARTILAGE
THICKNESS
M.A. Bowes y, C.B. Wolstenholme y, K. De Souza y, G.R. Vincent y, P.
Conaghan z. y Imorphics Ltd, Manchester, United Kingdom; z Section of
Musculoskeletal Disease, University of Leeds, United Kingdom
Purpose: Novel measurements of 3D bone shape provide sensitive
measures of osteoarthritis (OA) and its progression. The objective of this
study was to compare the responsiveness of these novel measures with
the current trial standard of radiographic medial minimum joint space
width (mJSW), and MR cartilage thickness, using data from the Osteo-
arthritis Initiative (OAI). We also examined the relationship between
rates of change measured by the various instruments
Methods: Participants were identiﬁed for cartilage analysis from
Project 9A/9B of the OAI. All were from the Progression subgroup and at
baseline had symptomatic OA in at least one knee (Kellgren-Lawrence
(KL) 2-3), deﬁned as the combination of deﬁnite osteophytes (OARSI
atlas grade 1-3) and in the same knee, frequent knee symptoms. If more
than one knee met the criteria, then one index knee was selected for
each participant. All participants from this group who also had mJSW
measures recorded at baseline, 12 and 24 months (n ¼528) were
selected for the current study.
Femur, tibia and patella bones were automatically segmented from
DESS-we images using active appearance models (Imorphics, UK),
which were built from an unrelated dataset. Two measures of 3D bone
shape were used in this study (1) tAB area on the medial femur, tibia
and patella, and (2) the change in position on OA vectors for the femur,
tibia and patella bones. The OA vector encodes the typical overall 3D
shape difference between 300 individual knees with OA (KL 3-4) and
300 without (KL 0) from an independent test set. A line is drawn
through the two population means, and the 3D bone shape generated
for each segmented bone is then projected orthogonally onto this OA
vector.
Methods for the measurement of cartilage thickness corrected for bone
area (ThCtAB) using an established manual method of segmentation,
and minMJSW, using a semi-automated software method, were
provided by the OAI. Sensitivity to change of all methods was assessed
using the standardised response mean (mean/SD of change); change
was assessed using a pairwise Student's t-test.Table 1
Responsiveness of various measures at 1 and 2 years from baseline
Measure Region 1 year SRM 2 year SRM
Radiograph mJSW -0186 -0311
Cartilage (ThCtAB) cMF -0317 -0.401
MT -0.332 -0.431
CMTF -0.342 -0433
Bone (tAB) MF 0421 0.515
MedTrF 0.340 0.571
MedFemAll 0.436 0.563
MT 0 329 0.520
Bone (3D vector) Femur 0.500 0.644
Tibia 0.435 0.488
Key to regions: cMF; central medial femur, MT: medial tibia, CMTF:sum of cMF and
MT, MF; medial femur, MedTrF:medial patesofemorai compartment of femur
MedFemAi sum of MF and MecfTtF
